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ENCLOSURE FIRE DYNAMICS MODEL 

Plan of the Presentation 

1) Practical situation. Why a fire dynamics model? 

2) Difficulties in establishing a model, 

3) Br’ef review of enclosure-fire models available. 

4) Our approximation of the practical situation. 

5) Our model. 
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PRACTICAL SITUATION 



IT HAS BEEN SHOWN BY GLOBAL MODELING OF EXPERIMENTAL DATA THAT FIRE CAN BE 
LIMITED IN ITS PROPAGATION BY TWO FACTORS: 

• LACK OF 02 (VENTILATION, ENCLOSURE VOLUME) 

• LACK OF FUEL (FUEL LOAD, FUEL SURFACE) 
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PRAaiCA'. SITUATION 

(contd) 


( 



IT HAS ADDJTIONAU. Y BEEM OBSERVED THAT: 

• THE OUTCOME OF THE FIRE IS STRONGLY INFLUENCED BY VENTILATION PATIIRNS 



• THE OUTCOME OF THE FIRE IS STRONGLY INFLUENCED BY THE LOCATION OF THE FIRE 

• THERE IS A STRONG TEMPERATURE CHANGE NOT ONLY IN THE HORIZONTAL, BUT 
ALSO INTHE VERTICAL DIRECTION DUE TO AIR BUOYANCY 

• SURFACES, OTHER THAN THOSE BURNING, ARE FURTHER IGNITED DUE TO 
RADIATION AND/OR CONVECTION FROM THE EXISTING FIRE 

GLOBAL MODELING CANNOT PREDICT THESE LATTER FIRE CHARACTERISTICS 
— A DETAILED ANALYTICAL MODEL IS NEEDED 



DIFFIC’JLTIES IN ESTABLISHING A MATHEMATICAL 
MODEL DESCRIBING FIRE IN AIRCRAFT 


1) Geometrical aspects 

2) Turbulent aspects 

Lack of data to indicate levels of turbulence transport 

(CM^/SEC) 

3) Combustion aspects 

Lack of knowledge on the detailed chemical mechanism, Lack 

OF DATA CE AND A) TO APPROXIMATE THOSE MECHANISMS BY A ONE 
STEP REACTION, 

4) Description of the coupling between combustion and turbulence 

5) Radiation aspects 

View factors, emissivities, gas phase absorptance and transmittance 

6) Boundary conditions and wall effects 

Difficult to correctly approximate both wall and core phenomena 
WITHIN reasonable CONSTRAINTS (MONEY, TIME, COMPUTER TIME) 

7) Lack of thermophysical and thermochemical constants for various 

MATERIALS THAT ARE USED IN AIRCRAFT. 
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A???.ox:.ViAT:o^: o? t:-!s practical situation 



WATHEMAT'CAl MODELING INCLL'DES: 

^ \A/n t T« MO TUC ^n\'CCO\//\Tf OM CAr I ATI OMC CAD "^! IDDMf CMT Cl AlA/ 

O modeling “"HE COMSUS'^iON TERMS IN THESE EQUATIONS 
o MOO'^'JNr, T'.’E RAO! ATION TERMS 'N ^HESE EQUATIONS 
® WRITING THE BOUNDARY CONDITIONS '^OR A GIVEN SI'^UATION 


o 

o 


M » r> f ^ r 

VV (\ » ( 


r » I /<% "ri If 

viVvj me 


I || I ■ -ri A I r- 

I A ■, I » Aw W'. 


in • T I inAic 

1 •. Vt\ J 


I'O:^ AGIVENSITOAT'.CN 


FINDING ■^HE VAL'JE OF ■"’■!£ RELEVANT BASIC CONSTANTS THAI" ARE RELATED 


'0 MATERIAL ?R 0 ?ERTIES 
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CO\’SE»YAT!ON EQUATIONS 

(1 of 3) 
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THE CONSERVATION EQUATIONS 

(2of 3) 
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SPECIES 



transient 

term 


viscous stress terms 
(turbulent) 
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3Y, 


+ PU + PV — - 

3x ay 


convective terms 





diffusive terms 
(turbulent) 




source ' 
or sink i 
term i 


! ' fuel, oxygen, nitrogen, water, carbon dioxide. 
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T[-{E CONSERVATION EQUATIONS 

(3 of 3) 
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MODELING OF COMBUSTION 


C„ H„ + (n +y) 0, 

n n 4 z 


(jL» = c cu 
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BOUNDARY CONDITIONS 



WALLS ( IMERT ) 

u = 0 , V « 0 



3 n 


; n is the directionperpendiculartothe wall 


thin wall assumption 

5 p C ^ - k II 

w^w w ^t g 
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ENTRANCE (x = 0, : < y <y J 



s is the direction 
; along the wall; 
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iL ifH = 


(forced ventilation) 
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PRESENT AND FUTURE WORK 

1) ^ODEL ‘^HE RADIATION TERMS 

- IN THE ENERGY EQUATION 

- IN T^E BOUNDARY CONDITIONS 

2) 'iNCODE THE EQUATIONS 

- SELECT A COMPUTATION SCHEME 

■ TRANSFORM THE EQUATIONS FROM A DIFFERENTIAL 
TO /' FINITE FORM 

- DEVE.OP A COMPUTER CODE 

3) Ascertain thermophysical and thermochemcal constants 

'HAT ARE RELEVENT TO AIRCRAFT MATERIALS 

'Characterize the flow conditions in aircraft (levels of 
turbulence) using available experimental data 
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